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Description 

[0001] This invention relates to the use of glucose 
containing at least one substituted anionic group, or a 
pharmaceutically acceptable salt thereof, in the manu- 
facture of a medicament for the treatment or prophylaxis 
of an amyloid disease. 

[0002] Alzheimer's disease is characterized by the 
accumulation of a 39-43 amino acid peptide termed the 
beta-amyloid protein or Ap, in a fibrillar form, existing as 
' extracellular amyloid plaques and as amyloid within the 
walls of cerebral blood vessels. Fibrillar Ap amyloid dep- 
osition in Alzheimer's disease is believed to be detri- 
mental to the patient and eventually leads to toxicity and 
neuronal cell death, characteristic hallmarks of Alzhe- 
imer's disease. Accumulating evidence implicates amy- 
loid as a major causative factor of Alzheimer's disease 
pathogenesis. 

[0003] A variety of other human diseases also dem- 
onstrate amyloid deposition and usually involve system- 
ic organs (i.e. organs or tissues lying outside the central 
nervous system), with the amyloid accumulation leading 
to organ dysfunction or failure. In Alzheimer's disease 
and "systemic" amyloid diseases, there is currently no 
cure or effective treatment, and the patient usually dies 
within 3 to 10 years from disease onset. 
[0004] Much work in Alzheimer's disease has been 
accomplished, but little is conventually known about 
compounds or agents for therapeutic regimes to arrest 
amyloid formation, deposition, accumulation and/or per- 
sistence that occurs in Alzheimer's disease and other 
amyloidoses. 

[0005] New compounds or agents for therapeutic re- 
gimes to arrest or reverse amyloid formation, deposi- 
tion, accumulation and/or persistence that occurs in 
Alzheimer's disease and other amyloidoses are there- 
fore desperately needed. 

[0006] A primary object of the present invention is to 
establish medicaments which are useful for the treat- 
ment of the amyloid diseases. 

[0007] According to the present invention, there is 
provided the use of glucose containing at least one sub- 
' stituted anionic group, or a pharmaceutically acceptable 
salt thereof, in the manufacture of a medicament for the 
treatment or prophylaxis of an amyloid disease. 
[0008] The amyloid diseases include, but are not lim- 
ited to, the amyloid associated with Alzheimer's dis- 
ease, Down's syndrome and hereditary cerebral haem- 
orrhage with amyloidosis of the Dutch type (wherein the 
specific amyloid is referred to as beta-amyloid protein 
or Ap), the amyloid associated with chronic inflamma- 
tion, various forms of malignancy and Familial Mediter- 
ranean Fever (wherein the specific amyloid is referred 
to as AA amyloid or inflammation-associated amyloido- 
sis), the amyloid associated with multiple myeloma and 
other B-cell dyscrasias (wherein the specific amyloid is 
referred to as AL amyloid), the amyloid associated with 
type II diabetes (wherein the specific amyloid is referred 



to as amyloid or islet amyloid), the amyloid associated 
" with the prion diseases including Creutzfeldt- Jakob dis- 
ease, Gerstmann-Straussler syndrome, kuru and ani- 
mal scrapie (wherein the specific amyloid is referred to 

5 as PrP amyloid) , the amyloid associated with long-term 
hemodialysis and carpal tunnel syndrome (wherein the 
specific amyloid is referred to as beta 2 -microglobulin 
amyloid), the amyloid associated with senile cardiac 
amyloid and Familial Amyloidotic Polyneuropathy 

10 (wherein the specific amyloid is referred to as transthy- 
retin or prealbumin), and the amyloid associated with 
endocrine tumours such as medullary carcinoma of the 
thyroid (wherein the specific amyloid is referred to as 
variants of procalcitonin). 

15 [0009] In one embodiment of the invention, glucose 
pentasulfate, and pharmaceutically acceptable salts 
thereof, or derivatives thereof, are used in the manufac- 
ture of a medicament which inhibits amyloid formation, 
deposition, accumulation and/or persistence, and/or 

20 which causes dissolution/disruption of pre-existing amy- 
loid. Accordingly, medicaments of the invention are use- 
ful for inhibiting amyloidosis in disorders in which amy- 
loid deposition occurs, and in particular can be used 
therapeutically to treat amyloidosis or can be used pro- 

25 phylactically in a subject susceptible to amyloidosis. The 
medicaments of the invention may result, at least in part, 
in directly inhibiting or causing a reduction in the beta- 
pleated sheet secondary structure of specific amyloid 
proteins, such as, but not limited to, the beta-amyloid 

30 protein (Ap) of Alzheimer's disease and the islet amyloid 
polypeptide (i.e. amylin) of type II diabetes. 
[0010] "Derivatives", "related derivatives" , "deriva- 
tives thereof or "closely related compounds" of glucose 
pentasulfate for the purposes of this application shall in- 

35 dude but are not limited to, glucose monosulfate, glu- 
cose disulfate, glucose trisulfate, glucose tetrasulfate, 
and glucose pentasulfate existing as a monosaccha- 
ride, disaccharide, trisaccharide, tetrasaccharide, pen- 
tasaccharide, hexasaccharide, heptasaccharide, hex- 

40 asaccharide, nonasaccharide, decasaccharide or other 
polysaccharides of increasing length. In 
addition, "derivatives" of glucose pentasulfate, include 
but are not limited to, glucose pentasulfate, pharmaceu- 
tically acceptable salts thereof, and derivatives (referred 

45 to above) which have been substituted at sulfate-con- 
taining positions with other anionic group(s). Preferred 
substitutions include, but are not limited to, the replace- 
ment of sulfates with phosphates, phosphonates, car- 
boxylates, sulphonates, and/or any ring compounds (i. 

50 e. alicyclic or heterocyclic groups) containing anionic 
groups. In addition, multiple anionic groups can be of 
the same structural group (i.e. all carboxylates) or, al- 
ternatively, a combination of different anionic groups 
can be used (i.e. carboxylates and phosphates). 

55 [0011] An "anionic group" of a therapeutic compound 
of the invention is a negatively charged moiety. For pur- 
poses of the invention, the anionic group is negatively 
charged at physiological pH. 
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[0012] As used herein, the term "monosaccharide" 
are simple sugars usually of the formula C 6 H 12 0 6 that 
can be combined to form oligosaccharides or polysac- 
charides. Monosaccharide include enantiomers and 
both the D and L stereoisomers of monosaccharide. 
Carbohydrates, which include substituted and unsubsti- 
tuted mono, oligo, and polysaccharides, can have mul- 
tiple anionic groups attached to each monosaccharide 
moiety. 

[0013] Another object of the present invention is to 
provide the saccharide glucose pentasutfate and related 
derivatives for the treatment of amyloid formation, dep- 
osition, accumulation and/or persistence in Alzheimer's 
disease, type II diabetes and other amyloidoses. How- 
ever, the glucose pentasutfate may exist as a monosac- 
charide, or as saccharides of increasing length (i.e. 
polysaccharides) such as, but not limited to, disaccha- 
rides, trisaccharides, tetrasaccharides, pentasaccha- 
rides, hexasaccharides, heptasaccharides, octasac- 
charides, nonasaccharides, or decasaccharides. 
[0014] Another object of the present invention is to 
use glucose pentasulfate and related derivatives for the 
treatment of amyloid formation, deposition, accumula- 
tion and/or persistence in Alzheimer's disease, type II 
diabetes and other amyloidoses. 
[0015] Another object of the present invention is to 
use commercially available, or to make commercially 
available, pills, tablets, caplets, soft and hard gelatin 
capsules, lozenges, sachets, cachets, vegicaps, liquid 
drops, elixers, suspensions, emulsions, solutions, syr- 
ups, tea bags, aerosols (as a solid or in a liquid medium), 
suppositories, sterile injectable solutions, and/or sterile 
packaged powders, which contain glucose pentasutfate 
or related derivatives to treat patients with Alzheimer's 
disease, type II diabetes and other amyloidoses. 
[0016] Yet another object of the present invention is 
to use glucose pentasulfate or related derivatives for the 
preparation of potent agents which inhibit amyloid for- 
mation, amyloid deposition, amyloid accumulation, 
amyloid persistence, amyloid-proteoglycan/ gly- 
cosaminoglycan (PG/GAG) interactions, and/or cause 
a dissolution of pre-formed or pre-deposited amyloid fi- 
brils in Alzheimer's disease, type II diabetes and other 
amyloidoses. 

[0017] Yet another object of the present invention is 
to provide compositions comprising a therapeutic dose 
of glucose pentasulfate or related derivatives which in- 
hibit amyloid deposition. The invention may result, at 
least in part, in directly inhibiting amyloid fibril formation 
and/or causing dissolution of preformed amyloid fibrils. 
It is believed that glucose pentasulfate's mechanism of 
action works by directly inhibiting p-pleated sheet sec- 
ondary structure folding of particular amyloid proteins (i. 
e. with unique amino acid sequences, such as, but not 
limited to, the beta-amyloid protein (Ap) of Alzheimer's 
disease and the islet amyloid polypeptide (i.e. amylin) 
of type II diabetes. 

[001 8] Yet another object of the present invention is 



the use of any and all synthetic compounds to glucose 
pentasulfate or related derivatives for the preparation of 
potent agents which inhibit amyloid formation, amyloid 
deposition, amyloid accumulation, amyloid persistence, 
5 amyloid- PG/GAG interactions, and/or cause a dissolu- 
tion of pre-formed or pre-deposited amyloid fibrils in 
Alzheimer's disease, type II diabetes and other amy- 
loidoses. 

[0019] Yet another object of the present invention is 
10 to provide glucose pentasulfate and/or derivatives 
thereof [(regardless of commercial source and regard- 
less of final form for consumption by humans, i.e. pills, 
tablets, caplets, soft and hard gelatin capsules, lozeng- 
es, sacchets, vegicaps, liquid drops, elixers, suspen- 
ds sions, emulsions, solutions, syrups, tea bags, aerosols 
(as a solid or in a liquid medium), suppositories', sterile 
injectable solutions, and/or sterile packaged powders] 
for inhibition of amyloid formation, deposition, accumu- 
lation, and/or persistence, regardless of its clinical set- 
20 ting. 

[0020] Yet another object of the present invention is 
the use of any and all natural compounds (i.e. plant, an- 
imal or mineral) to glucose pentasulfate or related de- 
rivatives for the preparation of potent agents which in- 
25 hibit amyloid formation, amyloid deposition, amyloid ac- 
cumulation, amyloid persistence, amyloid-PG/GAGin- 
teractions, and/or cause a dissolution of pre-formed or 
pre-deposited amyloid fibrils in Alzheimer's disease, 
type II diabetes and other amyloidoses. 
30 [0021 ] It is yet another object of the invention to meet 
any or all of the needs summarized above. 
[0022] These and such other objects of the invention 
as will become evident from the disclosure below are 
met by the invention disclosed herein. The therapeuti- 
cs cally effective amount preferably has an amyloid inhib- 
itory activity or efficacy of 40% or greater. 
[0023] The substituted anionic group is preferably se- 
lected from the group consisting of sulfates, sulpho- 
nates, phosphates, phosphonates and carboxylates. A 
40 preferred substituted anionic group is sulfate. 

[0024] The glycose containing at least one substituted 
anionic group is preferably selected from the group con- 
sisting of glucose monosulfate, glucose disulfate, glu- 
cose trisulfate, glucose tetrasulfate, glucose pentasul- 
<s fate, and more preferably is glucose pentasulfate, or a 
pharmaceutical ty acceptable salt thereof, such as a po- 
tassium salt. 

[0025] The therapeutically effective amount of glu- 
cose pentasutfate may be obtained from any commer- 

so cially available source, such as pills, tablets, caplets, 
soft and hard gelatin capsules, lozenges, sachets, ca- 
chets, vegicaps, liquid drops, elixers, suspensions, 
emulsions, solutions, syrups, tea bags, aerosols (as a 
solid or in a liquid medium), suppositories, sterile inject- 

55 able solutions, or sterile packaged powders, or made 
available in such forms. 

[0026] The medicament is preferably administered 
orally, by aerosol spray, or in a parenterally injectable or 
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infusible form. 

[0027] The present invention pertains in particular to 
the identification and surprising discovery that the sac- 
charide glucose pentasulfate acts as an impressive in- 
hibitor of Alzheimer's disease amyloid formation, and as 
a potent agent which causes the dissolution of pre- 
formed amyloid fibrils containing the Alzheimer's dis- 
ease beta-amyloid protein (Ap), and to a lesser extent 
the amyloid fibrils of type II diabetes (i.e. islet amyloid 
polypeptide or amylin). 

[0028] It has been found that commercially available 
glucose pentasulfate caused a marked inhibition of Ap 
amyloid fibril formation as determined using aThioflavin 
T fluorometry assay. In direct comparison, other com- 
pounds containing an identical number of sulfate groups 
(i.e. five) such as mannose pentasulfate, and other sug- 
ars and/or sulfated-containing compounds such as su- 
crose octasulfate, sucrose hexasulfate, sucrose hep- 
tasulfate, methyl alpha-D-mannopyranoside 2,3,4, 6-tet- 
rasulfate, andmethyi alpha-D-glucopyranoside 
2,3,4,6-tetrasulfate, were all ineffective inhibitors of Ap 
amyloid fibril formation, indicating the specificity ob- 
served with glucose pentasulfate. The inhibition by glu- 
cose pentasulfate on Ap amyloid fibril formation oc- 
curred in a dose-dependent manner. In addition, glu- 
cose pentasulfate was found to be a potent dissolving 
agent of pre-formed Alzheimer's Ap amyloid fibrils, as 
determined using a Thioflavin T fluorometry assay. This 
latter effect occurred in a dose-dependent manner and 
within a 4 day incubation period. Glucose pentasulfate 
also caused a dissolution of fibrils containing islet amy- 
loid polypeptide (i.e. amylin) by 1 week of incubation. 
Lastly, glucose pentasulfate was also effective in the in- 
hibition of Ap-PG/GAG interactions as determined using 
a solid phase binding immunoassay. The latter inhibition 
by glucose pentasulfate on Ap-PG/GAG interactions al- 
so occurred in a dose-dependent manner. 
[0029] It is believed that one possible mechanism of 
action for glucose pentasulfate is by directly inhibiting 
Ap-pleated sheet secondary structure folding of partic- 
ular amyloid proteins (ie. with unique amino acid se- 
quences), such as, but not limited to, the beta-amyloid 
protein (Ap) of Alzheimer's disease. Glucose pentasul- 
fate, which was effective in all. of the studies described 
above, was derived from commercially available glu- 
cose pentasulfate in a water soluble form, making it eas- 
ily adaptable for oral use in humans. A particular aspect 
of the present invention is the use of glucose pentasul- 
fate (or related derivatives) (in a pill, tablet or liquid form) 
from commercial sources in the manufacture of a med- 
icament for the treatment of amyloidosis in Alzheimer's 
disease and other amyloidoses. Use of glucose pen- 
tasulfate is expected to be beneficial to human patients 
at all stages of Alzheimer's disease, due to glucose pen- 
tasulfate's inherent ability to inhibit Ap amyloid fibril for- 
mation (early to. mid-stage Alzheimer's disease), cause 
dissolution of preformed amyloid fibrils (mid to late stag- 
es of Alzheimer's disease) and inhibit amyloid-PG/GAG 
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interactions (all stages of Alzheimer's disease). 
[0030] These and other features and advantages of 
the present invention will become more fully apparent 
when the following detailed description of the invention 
s is read in conjunction with the accompanying figures. 
[0031] The medicament preferably has a therapeuti- 
cally effective amount of glucose pentasulfate or deriv- 
atives thereof in a dosage in the range of from 5 to 
1 0,000 mg/kg of body weight of the patient, per day, and 
10 more.preferably in the range of from 5 to 500 mg/kg of 
body weight of the patient, per day 
[0032] The amyloid disease for treatment with the 
pharmaceutical agent is selected from the group con- 
sisting of the amyloid associated with Alzheimer's dis- 
15 ease, Down's syndrome and hereditary cerebral hem- 
orrhage with amyloidosis of the Dutch type (wherein the 
specific amyloid is referred to as beta-amyloid protein 
or AB), the amyloid associated with chronic inflamma- 
tion, various forms of malignancy and Familial Mediter- 
ranean Fever (wherein the specific amyloid is referred 
to as AA amyloid or inflammation-associated amyloido- 
sis), the amyloid associated with multiple myeloma and 
other B-cell dyscrasias (wherein the specific amyloid is 
referred to as AL amyloid), the amyloid associated with 
type II diabetes (wherein the specific amyloid is referred 
to as amylin or islet amyloid), the amyloid associated 
with the prion diseases including Creutzfeldt-Jakob dis- 
ease, Gerstmann-Straussler syndrome, kuru and ani- 
mal scrapie (wherein the specific amyloid is referred to 
as PrP amyloid), the amyloid associated with long-term 
hemodialysis and carpal tunnel syndrome (wherein the 
specific amyloid is referred to as beta 2 -microglobulin 
amyloid), the amyloid associated with senile cardiac 
amyloid and Familial Amyloidotic Polyneuropathy 
(wherein the specific amyloid is referred to as transthy- 
retin or prealbumin), and the amyloid associated with 
endocrine tumors such as medullary carcinoma of the 
thyroid (wherein the specific amyloid is referred to as 
variants of procalcitonin). 

[0033] Active compounds are administered at a ther- 
apeutically effective dosage sufficient to inhibit amyloid 
formation, deposition, accumulation or persistence in a 
subject. A therapeutically effective dosage preferably in- 
hibits amyloid formation , deposition, accumulation or 
persistence by at least 20%, more preferably by at least 
40%, even more preferably by at least 60%, and still 
more preferably by at least 80% relative to untreated 
subjects. 



[0034] 

FIGURE 1 depicts the chemical structure compari- 
son of glucose pentasulfate (referred to as PTI- 
48579) versus mannose pentasulfate (referred to 
as PTI-07499). Glucose pentasulfate was found to 
be a potent inhibitor of Ap amyloid fibril formation 
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whereas mannose pentasulfate was not, even 
though both contained the same chemical formula 
and number of sulfate groups. 
FIGURE 2 is a black and white graph of a 1 week 
Thioflavin T fluorometry assay utilized to identify in- s 
hibltors of Ap (1-40) amyloid fibril formation. Glu- 
cose pentasulfate (PTI-48579) is shown to be a po- 
tent inhibitor of Ap (1 -40) amyloid fibril formation at 
3 and 7 days following incubation. 
FIGURE 3 is a black and white graph of a 1 week io 
Thioflavin T fluorometry assay utilized to determine 
the potential dose-dependent effects of glucose 
pentasulfate (PTI-48579) on inhibition of Ap amy- 
loid fibril formation. Significant dose-dependent in- 
hibition of Ap (1-40) amyloid fibril formation is ob- is 
served at 1 week of treatment with glucose pen- 
tasulfate. 

FIGURE 4 is a black and white graph of a Thioflavin 
T fluorometry assay utilized to determine the poten- 
tial dose-dependent effects of glucose pentasulfate 20 
(PTI-48579) on dissolution of pre-formed Ap (1-40) 
amyloid fibrils within a 4 day incubation period. Glu- 
cose pentasulfate causes dissolution of pre-formed 
Ap amyloid fibrils in a dose-dependent manner. 
FIGURE 5 is a black and white graph of a solid 25 
phase binding assay utilized to determine the po- 
tential dose-dependent effects of glucose pentasul- 
fate (PTI-48579) on inhibition of Ap-PG/GAG inter- 
actions. Significant dose-dependent inhibition of 
Ap-heparan sulfate/heparin interactions is ob- 30 
served with treatment of glucose pentasulfate. 
FIGURE 6 is a black and White graph of a 1 week 
Thioflavin T fluorometry assay utilized to determine 
the effects of glucose pentasulfate (PTI-48579) and 
mannose pentasulfate (PTI-07499) on islet amyloid 35 
polypeptide (i.e. amylin) fibrillogenesis. Glucose 
pentasulfate caused a significant dissolution of islet 
amyloid polypeptide containing fibrils by 1 week of 
incubation, and only after an initial increase in islet 
amyloid polypeptide fibrillogenesis at earlier time 40 
points (i.e. 1 hour, 1 day and 2 days). On the other 
hand, mannose pentasulfate caused an increase in 
islet amyloid polypeptide fibrillogenesis at all time 
points. 

45 

Amyloid and Amyloidosis 

[0035] Amyloid is a generic term referring to a group 
of diverse, but specific extracellular protein deposits 
which all have common morphological properties, stain- so 
ing characteristics, and x-ray diffraction spectra. Re- 
gardless of the nature of the amyloid protein deposited 
all amyloids have the following characteristics: 1) an 
amorphous appearance at the light microscopic level 
and appear eosinophilic using hematoxylin and eosin 55 
stains; 2) all stain with Congo red and demonstrate a 
red/green birefringence as viewed under polarized light 
(Puchtler et al., J. Histochem. Cytochem. 10:355-364, 
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1962), 3) all contain a predominant beta-pleated sheet 
secondary structure, and 4) ultrastructu rally amyloid 
usually consist of non-branching fibrils of indefinite 
length and with a diameter of 7-10 nm. 
[0036] Amyloid today is classified according to the 
specific amyloid protein deposited. The amyloid diseas- 
es include, but are not limited to, the amyloid associated 
with Alzheimer's disease, Down's syndrome and Hered- 
itary cerebral hemorrhage with amyloidosis of the Dutch 
type (wherein the specific amyloid is referred to as beta- 
amyloid protein or AP), the amyloid associated with 
chronic inflammation, various forms of malignancy and 
Familial Mediterranean Fever (wherein the specific 
amyloid is referred to AA amyloid or inflammation-asso- 
ciated amyloidosis), the amyloid associated with multi- 
ple myeloma and other B-cell dyscrasias (wherein the 
specific amyloid is referred to as AL amyloid), the amy- 
loid associated with type II diabetes (wherein the spe- 
cific amyloid is referred to as amylin or islet amyloid), 
the amyloid associated with the prion diseases including 
Creutzfeldt-Jakob disease, Gerstmann-Straussler syn- 
drome, kuru and animal scrapie (wherein the specific 
amyloid is referred to as PrP amyloid), the amyloid as- 
sociated with long-term hemodialysis and carpal tunnel 
syndrome (wherein the specific amyloid is referred to as 
beta 2 microglobulin amyloid), the amyloid associated 
with senile cardiac amyloid and Familial Amyloidotic 
Polyneuropathy (wherein the specific amyloid is re- 
ferred to as prealbumin or transthyretin amyloid), and 
the amyloid associated with endocrine tumors such as 
medullary carcinoma of the thyroid (wherein the specific 
amyloid is referred to as variants of procalcitonin). 
[0037] Although amyloid deposits in clinical condi- 
tions share common physical properties relating to the 
presence of a beta-pleated sheet conformation, it is now 
clear that many different chemical types exist and addi- 
tional ones are likely to be described in the future. It is 
currently thought that there are several common patho- 
genetic mechanisms that may be operating in amyloido- 
sis in general. In many cases, a circulating precursor 
protein may result from overproduction of either intact 
or aberrant molecules (ex. plasma cell dyscrasias), re- 
duced degradation or excretion (serum amyloid A in 
some secondary amyloid syndromes and beta 2 -mi- 
croglobulin in long-term hemodialysis), or genetic ab- 
normalities associated with variant proteins (ex. familial 
amyloidotic polyneuropathy). Proteolysis of a larger pro- 
tein precursor molecule occurs in many types of amy- 
loidosis, resulting in the production of lower molecular 
weight fragments that polymerize and assume a beta- 
pleated sheet conformation as tissue deposits, usually 
in an extracellular location. What are the precise mech- 
anisms involved, and the aberrant causes leading to 
changes in proteolytic processing and/or translational 
modifications is not known in most amyloids. 
[0038] Systemic amyloids which include the amyloid 
associated with chronic inflammation, various forms of 
malignancy and Familial Mediterranean Fever (ie. AA 
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amyloid or inflammation -associated amyloidosis)(Ben- 
son and Cohen, Arth. Rheum. 22:36-42, 1979; Kamei 
et al, Acta Path. Jpn. 32:123-133, 1982; McAdam etal, 
Lancet 2:572-573, 1975; Metaxas, Kidney Int. 20: 
676-685, 1981), and the amyloid associated with multi- 
ple myeloma and other B-cell dyscrasias (ie. AL amy- 
loid)(Harada et al, J. Histochem. Cytochem. 19:1-15, 
1 971 ), as examples, are known to involve amyloid dep- 
osition in a variety of different organs and tissues gen- 
erally lying outside the central nervous system. Amyloid 
deposition in these diseases may occur, for example, in 
liver, heart, spleen, gastrointestinal tract, kidney, skin, 
and/or lungs (Johnson et al, N. Engl. J. Med. 321: 
513-518, 1989). For most of these amyloidoses, there 
is no apparent cure or effective treatment and the con- 
sequences of amyloid deposition can be detrimental to 
the patient. For example, amyloid deposition in kidney 
may lead to renal failure, whereas amyloid deposition in 
heart may lead to heart failure. For these patients, amy- 
loid accumulation in systemic organs leads to eventual 
death generally within 3-5 years. Other amyloidoses 
may affect a single organ or tissue such as observed 
with the Ap amyloid deposits found in the brains of pa- 
tients with Alzheimer's disease and Down's syndrome: 
the PrP amyloid deposits found in the brains of patients 
with Creutzfeldt-Jakob disease, Gerstmann-Straussler 
syndrome, and kuru; the islet amyloid (amylin) deposits 
found in the islets of Langerhans in the pancreas of 90% 
of patients with type II diabetes (Johnson et al, N. Engl. 
J. Med. 321:513-518, 1989; Lab. Invest. 66:522-535, 
1992); the beta 2 -microglobulin amyloid deposits in the 
medial nerve leading to carpal tunnel syndrome as ob- 
served in patients undergoing long-term hemodialysis 
(Geyjo et al, Biochem. Biophys. Res. Comm. 129: 
701-706, 1985; Kidney Int. 30:385-390, 1986); the pre- 
albumin/transthyretin amyloid observed in the hearts of 
patients with senile cardiac amyloid; and the prealbu- 
min/ transthyretin amyloid observed in peripheral 
nerves of patients who have Familial Amyloidotic 
Polyneuropathy (Skinner and Cohen, Biochem. Bio- 
phys. Res. Comm. 99:1326-1332, 1981; Saraiva et al, 
J. Lab. Clin. Med. 102:590-603, 1983; J. Clin. Invest. 
74:104-119, 1984; Tawara et al, J. Lab. Clin. Med. 98: 
811-822, 1989). 

Alzheimer's Disease and the Aging Population 



from the mid-60's onward. Alzheimer's disease today af- 
fects 4-5 million Americans, with slightly more than half 
of these people receiving care at home, while the others 
are in many different health care institutions. The prev- 

s alence of Alzheimer's disease and other dementias dou- 
bles every 5 years beyond the age of 65, and recent 
studies indicate that nearly 50% of all people age 85 and 
older have symptoms of Alzheimer's disease (1997 
Progress Report on Alzheimer's Disease, National In- 
to stitute on Aging/National Institute of Health). 13% (33 
million people) of the total population of the United 
States are age 65 and older, and this % will climb to 20% 
by the year 2025 (1 997 Progress Report on Alzheimer's 
Disease , National Institute on Aging/National Institute 

15 of Health). 

[0040] Alzheimer's disease also puts a heavy eco- 
nomic burden on society as well. A recent study estimat- 
ed that the cost of caring for one Alzheimer's disease 
patient with severe cognitive impairments at home or in 

20 a nursing home, is more than $47,000 per year (A Gu ide 
to Understanding Alzheimer's Disease and Related Dis- 
orders edited by Jorm, New York University Press, New 
York, 1987). For a disease that can span from 2 to 20 
years, the overall cost of Alzheimer's disease to families 

25 and to society is staggering. The annual economic toll 
of Alzheimer's disease in the United States in terms of 
health care expenses and lost wages of both patients 
and their caregivers is estimated at $80 to $100 billion 
( 1 997 Progress Report on Alzheimer's Disease, Nation - 

30 al Institute on Aging/National Institute of Health). 

[0041 J Tacrine hydrochloride ("Cognex"), the first 
FDA approved drug for Alzheimer's disease is a acetyl- 
cholinesterase inhibitor (Cutler and Sramek, N. Engl. J. 
Med. 328:808-810, 1993). However; this drug has 

35 showed limited success in the cognitive improvement in 
Alzheimer's disease patients and initially had major side 
effects such as liver toxicity. The second more recently 
FDA approved drug, donepezil (also known as "Ari- 
cept"), which is also an acetylcholinesterase inhibitor, is 

40 more effective than tacrine, by demonstrating slight cog- 
nitive improvement in Alzheimer's disease patients 
(Barner and Gray, Ann. Pharmacotherapy 32:70-77, 
1 998; Rogers and Friedhoff, Eur. Neuropsych. 8:67-75, 
1998), but it does not appear to be a cure. Therefore, it 

45 js clear that there is a need for more effective treatments 
for Alzheimer's disease patients. 



[0039] Alzheimer's disease is a leading cause of de- 
mentia in the elderly, affecting 5-10% of the population 
over the age of 65 years (A Guide to Understanding 
Alzheimer's Disease and Related Disorders, edited by 
Jorm, New York University Press, New York, 1987). In 
Alzheimer's disease, the parts of the brain essential for 
cognitive processes such as memory, attention, lan- 
guage, and reasoning degenerate, robbing victims of 
much that makes us human, including independence. 
In some inherited forms of Alzheimer's disease, onset 
is in middle age, but more commonly, symptoms appear 



Amyloid as a Therapeutic Target for Alzheimer's 
Disease 

50 

[0042] Alzheimer's disease is characterized by the 
deposition and accumulation of a 39-43 amino acid pep- 
tide termed the beta-amyloid protein, Ap or p/A4 (Glen- 
ner and Wong, Biochem. Biophys. Res. Comm. 120: 
55 885-890, 1984; Masters etal, Proc. Natl. Acad. Sci. USA 
82:4245-4249, 1985; Husby et al, Bull WHO 71: 
1 05-1 08, 1 993) . Ap is derived from larger precursor pro- 
teins termed beta-amyloid precursor proteins (or pPPs) 
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of which there are several alternatively spliced variants. 
The most abundant forms of the pPPs include proteins 
consisting of 695, 751 and 770 amino acids (Tanzi et al, 
Nature 331:528-530, 1988; Kitaguchiet al, Nature 331: 
530-532, 1 988; Ponte et al, Nature 331 :525-527, 1 988). 5 
[0043] The small Ap peptide is a major component 
which makes up the amyloid deposits of "plaques" in the 
brains of patients with Alzheimer's disease. In addition, 
Alzheimer's disease is characterized by the presence of 
numerous neurofibrillary "tangles", consisting of paired 10 
helical filaments which abnormally accumulate in the 
neuronal cytoplasm (Grundke-lqbal et al, Proc. Natl. 
Acad. Sci. USA 83:491 3-491 7, 1 986; Kosik et al, Proc. 
Natl. Acad. Sci. USA 83:4044-4048, 1986; Lee etal, Sci- 
ence 251:675-678, 1991). The pathological hallmarks *5 
of Alzheimer's' disease is therefore the presence of 
"plaques" and "tangles", with amyloid being deposited 
in the central core of plaques. The other major type of 
lesion found in the Alzheimer's disease brain is the ac- 
cumulation of amyloid in the walls of blood vessels, both 20 
within the brain parenchyma and in the walls of menin- 
geal vessels which lie outside the brain. The amyloid 
deposits localized to the walls of blood vessels are re- 
ferred to as cerebrovascular amyloid or congophilic an- 
giopathy (Mandybur, J. Neuropath. Exp. Neurol. 45: 25 
79-90, 1986; Pardridge et al, J. Neurochem. 49: 
1394-1401, 1987). 

[0044] For many years there has been an ongoing sci- 
entific debate as to the importance of "amyloid" in Alzhe- 
imer's disease and whether the "plaques" and "tangles" 30 
characteristic of this disease, were a cause or merely 
the consequences of the disease. Within the last few 
years, studies now indicate that amyloid is indeed a 
causative factor for Alzheimer's disease and should not 
be regarded as merely an innocent bystander. The 35 
Alzheimer's Ap protein in cell culture has been shown 
to cause degeneration of nerve cells within short periods 
of time (Pike et al, Br. Res. 563:31 1 -31 4, 1 991 ; J. Neu- 
rochem. 64:253-265, 1995). Studies suggest that it is 
the fibrillar structure (consisting of a predominant p- 40 
pleated sheet secondary structure), characteristic of all 
amyloids, that is responsible for the neurotoxic effects. 
Ap has also been found to be neurotoxic in slice cultures 
of hippocampus (Harrigan et al, Neurobiol.Aging 16: 
779-789, 1995) and induces nerve cell death in trans- 45 
genie mice (Games et al, Nature 373:523-527, 1995; 
Hsiao et al, Science 274:99-1 02, 1996). Injection of the 
Alzheimer's Ap into rat brain also causes memory im- 
pairment and neuronal dysfunction (Flood et al, Proc. 
Natl. Acad. Sci. 88:3363-3366, 1991; Br. Res. 663: so 
271-276, 1994). Probably, the most convincing evi- 
dence that Ap amyloid is directly involved in the patho- 
genesis of Alzheimer's disease comes from genetic 
studies. It has been discovered that the production of 
Ap can result from mutations in the gene encoding, its ss 
precursor, beta-amyloid precursor protein (Van Broeck- 
hoven et al, Science 248:1120-1122, 1990; Murrell etal, 
Science 254:97-99, 1991; Haass et al, Nature Med. 1: 
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1291-1296, 1995). The identification of mutations in the 
beta-amyloid precursor protein gene which causes early 
onset familial Alzheimer's disease is the strongest argu- 
ment that amyloid is central to the pathogenetic process 
underlying this disease. Four reported disease-causing 
mutations have now been discovered which demon- 
strate the importance of Ap in causing familial Alzheim- 
er's disease (reviewed in Hardy, Nature Genet. 1: 
233-234, 1992). All of these studies suggest that pro- 
viding a drug to reduce, eliminate or prevent fibrillar Ap 
formation, deposition, accumulation and/or persistence 
in the brains of human patients would serve as an effec- 
tive therapeutic. 

[0045] The present invention clearly demonstrates 
the effectiveness of glucose pentasulfate and deriva- 
tives thereof for the 1 ) inhibition of Alzheimer's Ap amy- 
loid fibril formation (important for patients in early to mid- 
stage Alzheimer's disease, 2) inhibition of Alzheimer's 
amyloid-PG/GAG interactions (important for patients in 
all stages of Alzheimer's disease), and 3) causing the 
dissolution/disruption of preformed Alzheimer's disease 
amyloid fibrils. In addition, the present invention dem- 
onstrates that glucose pentasulfate is effective in caus- 
ing the dissolution/ disruption of islet amyloid polypep- 
tide (i.e. amylin) containing fibrils and therefore may 
serve as an effective treatment for —90% of type II dia- 
betic patients who have islet amyloid accumulation in 
the pancreas. Since the mechanism of action pertains 
to the disruption of B-pleated sheet structures which are 
part of all amyloids, regardless of the nature of the un- 
derlying amyloid protein involved or the clinical setting, 
the present invention of the use of glucose pentasulfate 
or derivatives thereof is anticipated to be useful for the 
treatment of all amyloid diseases as described herein. 
[0046] Turning now to the drawings, the invention will 
be described in preferred embodiments. 

Examples 

[0047] The following examples are put forth so as to 
provide those with ordinary skill in the art with the dis- 
closure and description of the identification and use of 
commercially available glucose pentasulfate or closely 
related derivatives to inhibit amyloid fibril formation, in- 
hibit amyloid-PG/GAG interactions, and cause dissolu- 
tion of preformed amyloid fibrils. 

Example 1 

Glucose Pentasulfate is a Potent Inhibitor of 
Alzheimer's Ap (1-40) Amyloid Fibril Formation 

[0048] A previously described method of measuring 
amyloid fibril formation utilizing Thioflavin T fluorOmetry 
(H Naiki et al, Lab. Invest. 65:104-110, 1991; H Levine 
III, Protein Sci. 2:404-410, 1993; H Levine III, Amyloid: 
Int. J. Exp. Ciin. Invest. 2:1-6, 1995; H Naiki and K. Na- 
kakuki, Lab. Invest. 74:374-383, 1996) was employed 
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initially to identify potential therapeutic compounds ca- 
pable of inhibiting Ap amyloid fibril formation. Using this 
sensitive assay, any decreases or increases in fluores- 
cence were previously shown to correlate with a de- 
crease or increase in the amount of amyloid fibrils (H s 
Naiki et al, Lab. Invest. 65:104-110, 1991; H Levine III, 
Protein Sci. 2:404-410, 1993; H Levine III, Amyloid: Int. 
J. Exp. Clin. Invest. 2:1-6, 1 995; H Naiki and K. Nakaku- 
ki, Lab. Invest. 74:374-383, 1996), allowing one to de- 
termine the identification and extent of potential inhibi- 10 
tors and/or enhancers of amyloid fibril formation. 
[0049] In an initial set of studies, the effects of various 
compounds on Ap (1-40) fibrillogenesis was assessed. 
For these initial studies, 25 p.M of Ap (1-40)(Bachem 
Inc., Torrance, CA, USA; Lot #WM365) was incubated is 
in microcentrifuge tubes at 37°C for 1 week (in tripli- 
cate), either alone, or in the presence of 1 .25 mM (ie. 1 : 
50 M ratio of AP:test compound) of various commercially 
available compounds (described below) in 1.50 mM Tris 
HCI, 1 0 mM NaCI, pH 7.0 (TBS). The compounds tested 20 
included glucose pentasulfate (PTI-48579, potassium 
salt; molecular weight = 771), mannose pentasulfate 
(PTI-07499, potassium salt; molecular weight = 771), 
methyl alpha-D-glucopyranoside 2,3,4,6-tetrasulfate 
(PTI-20049, potassium salt; molecular weight - 667), 25 
methyl alpha-D-mannopyranoside 2,3,4,6-tetrasulfate 
(PTI-20814, potassium salt; molecular weight = 667), 
sucrose heptasulfate (PTI -70936, potassium salt; mo- 
lecular weight = 1 1 69), sucrose hexasulfate (PTI-70946, 
potassium salt; molecular weight = 1 052), and sucrose 30 
octasulfate (PTI-70011, potassium salt; molecular 
weight = 1288). The chemical structure comparison of 
glucose pentasulfate versus mannose pentasulfate is 
shown in Figure 1 . 

[0050] To assess the effects of each compound on Ap 35 
(1-40) fibril formation, 50 \i\ aliquots were taken from 
each tube for analysis at 1 hr, 1 day, 3 days, and 1 week. 
For each determination described above, following each 
incubation period, 50pJ of Ap +/- test compounds were 
added to 1 .2ml of 1 00u.M Thiof lavin T (Sigma Chemical 40 
Co., St. Louis, MO) in 50mM NaP0 4 (pH 6.0). Initial 
studies indicated that increasing concentrations of Ap 
gave a proportional increase in fluorescence in the pres- 
ence of 1 00p.M Thiof lavin T, ruling out the presence of 
any disproportionate inner filter effects in these studies. « 
Fluorescence emission at 482 nm was measured on a 
Turner instrument-model 450 fluorometer at an excita- 
tion wavelength of 450 nm. For each determination, the 
fluorometer was calibrated by zeroing in the presence 
of the Thioflavin T reagent alone, and by seting the 50 so 
ng/ml riboflavin (Sigma Chemical Co., St. Louis, Mo) in 
the Thioflavin T reagent to 1800 fluorescence units. All 
fluorescence determinations were based on these ref- 
erences and any fluorescence given off by any of the 
compounds in the presence of the Thioflavin T reagent ss 
was always subtracted from all pertinent readings. 
[0051] For all fibrillogenesis studies utilizing Thiofla- 
vin T fluorometry, comparisons of Ap in the presence or 
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absence of test compounds were based on paired Stu- 
dent's t tests with data shown as mean +•/- standard de- 
viation. Significance was reported at the 95% (p< 0.05), 
99% (p<0.01) and 99.9% (p<0.001) confidence levels. 
[0052] As shown in Figure 2, in a first set of studies 
the effects of various test compounds on Ap (1 -40) amy- 
loid fibril formation was evaluated over a 1 -week incu- 
bation period. Freshly suspended Ap (1-40) alone, fol- 
lowing a 1-hour incubation at 37°C, demonstrated an 
initial fluorescence of 75 +/- 9 fluorescence units. During 
the 1-week incubation period, there was a gradual in- 
crease in the fluorescence of Ap (1-40) alone, increas- 
ing 6.1 -fold from 1 hour to 1 week, with a peak fluores- 
cence of 459 +/- 18 fluorescence units observed at 1 
week (Figure 2). Only glucose pentasulfate (PTI-48579) 
inhibited Ap (1-40) amyloid fibril formation. The signifi- 
cant inhibition of Ap amyloid fibril formation by glucose 
pentasulfate was first observed at 3 days following in- 
cubation. Significant inhibition (p<0.001) by glucose 
pentasulfate (PTI-48579) on Ap amyloid fibril formation 
was observed at 3 days and 1 week. By 1 week, glucose 
pentasulfate was effective in significantly (p<0.001) in- 
hibiting amyloid fibril formation by 80%. This initial data 
indicated that glucose pentasulfate was specifically a 
potent inhibitor of Alzheimer's amyloid fibril formation. 
Note that mannose pentasulfate (PTI-07499) which 
consists of an identical chemical structure and molecu- 
lar weight to that of glucose pentasulfate (i.e. 
C 6 H 7 0 21 S 5 K 5 , molecular weight = 771; see Figure 1) 
did not inhibit Ap (1-40) fibril formation. Since glucose 
pentasulfate and mannose pentasulfate both contain an 
identical number of sulfate groups (i.e.five), and only 
glucose pentasulfate was effective as an inhibitor of 
Alzheimer's amyloid fibril formation, this study implicat- 
ed that aspects of the specific monosaccharide back- 
bone of glucose played an important role in the mecha- 
nism of action. 

Example 2 

Dose-Dependent Inhibition of Alzheimer's Ap (1-40) 
Amyloid Fibril Formation by Glucose Pentasulfate 

[0053] In this study, the dose-dependent effects of 
glucose pentasulfate (PTI-48579) on Ap (1-40) fibrillo- 
genesis was determined using the Thioflavin T fluorom- 
etry assay. 25 u.M of Ap (1-40)(Bachem Inc., Torrance, 
CA, USA; Lot #WM365) was incubated in microcentri- 
fuge tubes at 37°C for 1 week (in triplicate), either alone, 
or in the presence of 1.25 mM (ie. 1 :50 M ratio of Ap: 
PTI-48579), 0.41 mM, 0.138 mM and 0.046 mM of glu- 
cose pentasulfate in 150 mM Tris HCI, 10 mM NaCI pH 
7.0 (TBS). 50 |xl aliquots were taken from each tube for 
analysis at 1 hr, 1 day, 3 days, and 1 week using Thio- 
flavin T fluorometry as described in section 4.1. As 
shown in Figure 3, freshly suspended Ap (1-40) alone, 
following a 1-hour incubation at 37°C, demonstrated an 
initial fluorescence of 113 +/- 7 fluorescence units. Dur- 
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ing the 1-week incubation period, there was a gradual 
increase in the fluorescence of Ap (1 -40) alone, increas- 
ing 2.2-fold from 1 hour to 1 week, with a peak fluores- 
cence of 250 +/- 50 fluorescence units observed at 1 
week. Glucose pentasulfate (PTI-48579) caused a 
dose-dependent inhibition of Ap amyloid fibril formation 
at 3 days and 1 week (Figure 3). At 3 days, 0.046mM, 
0.138mM and 0.41 mM of PTI-48579 did not significantly 
inhibit Ap fibril formation, whereas 1.25mM of PTI- 
48579 caused a significant (p<0.001) 39% inhibition of 
Ap fibril formation. At 1 week a dose-dependent inhibi- 
tion of Ap (1-40) fibrillogenesis by glucose pentasulfate 
was observed. 1.25 mM and 0.41 mM of PTI-48579 
caused a significant (p<0.001) 72% and 47% inhibition 
of AP (1-40) fibrillogenesis, respectively. This study 
therefore demonstrated that the effects of glucose pen- 
tasulfate on inhibition of Ap (1-40) amyloid fibril forma- 
tion occurred in a dose-dependent manner, particularly 
at 1 week postincubation. 

Example 3 

Glucose Pentasulfate Causes Dose-Dependent 
Dissolution of Pre-Formed Alzheimer's Disease 
Amyloid Fibrils 

[0054] The next study was implemented to determine 
whether glucose pentasulfate was capable of causing a 
dose-dependent dissolution/disruption of pre-formed 
Alzheimer's disease Ap (1 -40) amyloid fibrils. This type 
of activity would be important for any potential anti-amy- 
loid drug which can be used in patients who already 
have substantial amyloid deposition in organs and/ortis- 
sues. For example, Alzheimer's disease patients in mid- 
to late stage disease have abundant amyloid deposits 
in their brains as part of both neuritic plaques and cer- 
ebrovascular amyloid deposits. A therapeutic agent ca- 
pable of causing dissolution of pre-existing amyloid 
would be advantageous for use in these patients who 
are at latter stages of the disease process. 
[0055] For this study, 1 mg of Ap (1-40)(Bachem Inc., 
Torrance, CA, USA; Lot #WM365) was dissolved in 1.0 
ml of double distilled water (1mg/ml solution) and then 
incubated at 37°C for 1 week. 25u.M of fibrillized Ap was 
then incubated at 37°C in the presence or absence of 
glucose pentasulfate at concentrations of 1 .25 mM, 0.63 
mM, 0.31 mM and 0.1 6 mM containing 150 mMTris HCI, 
10 mM NaCI, pH 7.0. Following a 4 day incubation, 50 
jil aliquots were added to 1.2ml of 100u.M Thioflavin T 
(Sigma Chemical Co., St. Louis, MO) in 50mM NaP0 4 
(pH 6.0) forfluorometry readings as described in section 
4.1. 

[0056] As shown in Figure 4, dissolution/disruption of 
pre-formed Alzheimer's disease Ap amyloid fibrils by 
glucose pentasulfate (PTI-48579) occurred in a dose- 
dependent manner. A significant (p<0.001) 60% disso- 
lution of pre-formed Ap amyloid fibrils was observed with 
1.25mM of PTI-48579, whereas 0.63mM of PTI-48579 



caused a significant (p<0.001) 47% dissolution. Further- 
more, 0.31 mM and 0.1 6mM of PTI-48579 still caused 
a significant (p<0.01) 31% and 23% dissolution of pre- 
formed Ap amyloid fibrils. These data demonstrated that 
5 glucose pentasulfate causes dissolution/disruption of . 
pre-formed Alzheimer's disease amyloid fibrils in a 
dose-dependent manner. 

Example 4 

10 

Glucose Pentasulfate (PTI-48579) Inhibits Ap 
Proteoglycan/Glycosaminoglycan Interactions in a 
Dose-Dependent Manner 

is [0057] The next study was implemented to determine 
whether glucose pentasulfate was an effective inhibitor 
of Ap-PG/GAG interactions, and whether this inhibition 
occurred in a dose-dependent manner. Since specific 
PGs/GAGs have been found to accumulate in amyloid 
deposits and are thought to prevent the body's natural 
ability to remove unwanted "amyloid" (reviewed in Snow 
and Wight, Neurobiology Aging 10:481-497, 1989), an 
inhibitor of Ap-PG/GAG interactions should be a desir- 
able additional target for an amyloid therapeutic. In this 
study a solid phase binding immunoassay was utilized 
to determine whether glucose pentasulfate was also an 
effective inhibitor of Ap-PG/GAG interactions. 
[0058] 1 2 u.g of heparin (molecular weight = 5,000; ob- 
tained from the Sigma Chemical Company, St. Louis, 
MO, USA) or heparan sulfate (molecular weight = 
—70,000; obtained from Seikagaku America, Rockville, 
Maryland) in 80u.l of Tris -buffered saline containing 100 
mM Tris-HCI, 50 mM NaCI, 3 mM NaN 3 , pH 9.0 (TBS) 
was allowed to bind overnight at 4°C to microtiter wells 
(Nunc plates, Maxisorb). The next day all of the micro- 
titer wells were blocked for 2 hours by incubating with 
300 jil of TBS with 0.05% Tween-20 (TTBS) plus 1% 
bovine serum albumin (BSA)(obtained from the Sigma 
Chemical Company, St. Louis, MO, USA). Then, 100 u.l 
of 5 u.M Ap 1 -40 (Bachem Inc., Torrance, CA, USA; Lot 
#WM365) in TTBS containing 0.05% albumin in the 
presence or absence of glucose pentasulfate at concen- 
trations of 2.5mM, 0.83 mM, 0.28 mM and 0.093 mM 
were placed in wells (in triplicate) containing substrate 
bound perlecan or blank, and allowed to bind overnight 
at 4°C. The next day, the wells were rinsed once with 
TTBS, and then probed for 45 minutes with 100u.l of anti- 
6E10 (Senetek, Maryland Heights, Missouri)(which rec- 
ognizes Ap 1-17) diluted 1:1000 with TTBS. This was 
followed by rinsing once with TTBS and probed for 45 
minutes with biotinylated goat-anti mouse (diluted 1: 
1000) containing streptavidin-peroxidase or anti-biotin- 
peroxidase (1 :500 dilution of a 2u.g/ml solution)(Sigma 
Chemical Co., St. Louis, MO) in TTBS containing 0.1% 
BSA. The wells were then rinsed 3 times with TTBS and 
1 00u.l of a substrate solution (O PD-Sigma Fast from Sig- 
ma Chemical Co., St. Louis, MO) was added to each 
well and allowed to develop for 5 minutes or until a sig- 
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nificant color change was observed. The reaction was 
stopped with 50uJ of 4N H 2 S0 4 and read on a Model 
450 microplate reader (Biorad, Hercules, CA, USA) at 
490nm. 

[0059] As shown in Figure 5, glucose pentasulfate 
(PTI-48579) caused a significant (p<0.001) dose-de- 
pendent reduction in the binding of AP to substrate 
bound heparin. A significant (p<0.001) 78% inhibition 
was observed with 2.5mM of PTI-48579, whereas 0.83 
mM of PTI-48579 caused a significant (p<0.001) 92% 
inhibition (Figure 5). 0.28mM and 0.093 mM of PTI- 
48579 was still found to cause a significant inhibition of 
A^- heparin binding by 74% and 45%, respectively. PTI- 
48579 was similarly found to cause a significant dose- 
dependent inhibition of Ap-heparan sulfate binding (not 
shown). These data demonstrated that glucose pen- 
tasulfate is also capable of inhibiting Ap-PG/GAG inter- 
actions in a dose-dependent manner. 

Example 5 

Dissolution of Islet Amyloid Polypeptide Containing 
Fibrils by Glucose Pentasulfate but Not by Mannose 
Pentasulfate 



[0062] As shown in Figure 6, freshly suspended islet 
amyloid polypeptide alone, following a 1-hour incuba- 
tion at 37°C, demonstrated an initial fluorescence of 
1281 +/- 9 fluorescence units. During the 1 week incu- 

5 bation period, the levels of islet amyloid, polypeptide 
containing fibrils as determined by Thioflavin T fluores- 
cence stayed about the same (Figure 6). Glucose pen- 
tasulfate (PTI-48579) was found to cause a significant 
dissolution of pre-formed amylin fibrils, only at 1 week 

10 by 57%. This apparent dissolution of islet amyloid 
polypeptide containing fibrils by glucose pentasulfate 
was only observed after an initial increase in islet amy- 
loid polypeptide fibrillogenesis at earlier time points (i.e. 
1 hour, 1 day and 2 days)(Figure 6). On the other hand, 

is mannose pentasulfate caused a significant increase in 
islet amyloid polypeptide fibrillogenesis at ail time points 
(Figure 6). This study therefore demonstrated that glu- 
cose pentasulfate, but not mannose pentasulfate, is al- 
so capable of causing significant dissolution of other 

20 forms of amyloid (such as islet amyloid polypeptide con- 
taining fibrils; important in type II diabetes), but only fol- 
lowing prolonged periods of incubation (i.e. 1 week). 

Therapeutic Applications 



[0060] 90% of patients with type II diabetes demon- 
strate the deposition and accumulation of amyloid fibrils 
in the islets of Langerhans in the pancreas. This amyloid 
is known as "islet amyloid" and consists of a 37 amino 
acid protein known as islet amyloid polypeptide or amy- 
lin. Islet amyloid is believed to contribute to the destruc- 
tion of the beta-cells of the pancreas, thus eventually 
leading many patients to become insulin-dependent (ie. 
type I diabetes). Islet amyloid polypeptide has the un- 
canny ability to also form substantial amyloid fibrils im- 
mediately when placed in solution The next study was 
therefore implemented to determine whether glucose 
pentasulfate also causes dissolution of another type of 
amyloidosis, and whether this effect was also long-last- 
ing. 

[0061 ] For this study, the method of Thioflavin T fluor- 
ometry as described above was used. Briefly, 25 u,M of 
human islet amyloid polypeptide (Bachem Inc.Torrance, 
CA, USA; Lot # WL934) was incubated in microcentri- 
fuge tubes at 37°C for 1 week (in triplicate), either alone, 
or in the presence of 1 .25mM glucose pentasulfate (PTI- 
48579; molecular weight = 771) or mannose pentasul- 
fate (PTl -07499; molecular weights 771). To assess the 
effects of glucose pentasulfate and mannose pentasul- 
fate on islet amyloid polypeptide fibrillogenesis, 50 u.l al- 
iquots were taken from each tube for analysis at 1 hr, 1 
day, 2 days, 3 days, 4 days and 1 week. For each de- 
termination described above, following each incubation 
period, 50 u.l aliquots of islet amyloid polypeptide +/- glu- 
cose pentasulfate or mannose pentasulfate were added 
to 1.2ml of 100u.M Thioflavin T (Sigma Chemical Co., 
St. Louis, MO) in 50mM NaP0 4 (pH 6.0) forfluorometry 
readings as described in section 4.1. 



[0063] A pharmaceutical formulation comprising glu- 
cose pentasulfate, pharmaceutical^ acceptable salts 
thereof, or related derivatives thereof, may be formulat- 
ed in one or more pharmaceutical acceptable carriers, 

30 diluents or excipients. In a preferred embodiment, a pa- 
tient who has Alzheimer's disease or any other amyloid 
diseases, would orally consume glucose pentasulfate; 
pharmaceutical ly acceptable salts thereof, and/or relat- 
ed derivatives thereof, in pill, tablet, caplet, soft and hard 

35 gelatin capsule, lozenge, vegicap, liquid drop, solution, 
syrup, tea bag, and/or powder form. 
[0064] In another preferred embodiment glucose pen- 
tasulfate, pharmaceutically acceptable salts thereof, or 
related derivatives thereof, obtained in any form could 

40 be further modulated using suitable carriers, excipients 
and diluents including lactose, dextrose, sucrose, sorb- 
itol, mannitol, starches, gum acacia, calcium phosphate, 
alginates, tragacanth, gelatin, calcium silicate, microc- 
rystalline cellulose, polyvinylpyrrolidone, cellulose, wa- 

45 ter syrup, methyl cellulose, methyl and propyl hydro xy- 
benzoates, talc, magnesium stearate and mineral oil. 
The formulations can additionally include lubricating 
agents, wetting agents, emulsifying and suspending 
agents, preserving agents, sweeting agents or flavoring 

50 agents. The compositions of the invention may be for- 
mulated so as to provide quick, sustained or delayed 
response of the active ingredient after administration to 
the patient. The compositions are preferably formulated 
in a unit dosage form, each dosage containing from 5 to 

55 1 0,000 mg of glucose pentasulfate (or closely related 
derivatives), more usually 400 to 750 mg of glucose pen- 
tasulfate (or related derivatives). However, it will be un- 
derstood that the therapeutic dosage administered will 
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be determined by the physician in the light of the rele- 
vant circumstances including the clinical condition to be 
treated, the organ or tissues affected or suspected to be 
affected with amyloid accumulation, and the chosen 
route of administration. Therefore, the above dosage 
ranges are not intended to limit the scope of the inven- 
tion in any way. The term "unit dosage form" refers to 
physically discrete units suitable as unitary dosages for 
human subjects and other mammals, each unit contain- 
ing a predetermined quantity of active material calculat- 
ed to produce the desired therapeutic effect, in associ- 
ation with a suitable pharmaceutical carrier. 
[0065] The following formulation examples are illus- 
trative only For each formulation provided as an exam- 
ple, lowering or raising of the glucose pentasulfate; a 
pharmaceutically acceptable salt thereof; or related de- 
rivatives thereof; concentration will cause a proportional 
lowering or raising of the other ingredients as indicated. 
Hard gelatin capsules may be prepared by using 500mg 
of glucose pentasulfate, a pharmaceutically acceptable 
salt thereof (or its related derivatives), 400mg of starch, 
and 20 mg of magnesium stearate. The above ingredi- 
ents are mixed and filled into hard gelatin capsules in 
920mg quantities. 

[0066] A tablet is prepared by using 500 mg of glucose 
pentasulfate, a pharmaceutically acceptable salt there- 
of, or related derivatives thereof, 800 mg of microcrys- 
talline cellulose, 20 mg of fumed silicon dioxide and 10 
mg of stearic acid. The components are blended and 
compressed to form tablets each weighing 1230mg. 
[0067] An aerosol solution is prepared by using 0.25 
glucose pentasulfate, a pharmaceutically acceptable 
salt thereof, or related derivatives thereof, 29.75 etha- 
nol, and 70 of propellent 22 (chlorodrfluoromethane). 
The glucose pentasulfate, a pharmaceutically accepta- 
ble salt thereof, or related derivatives thereof, is mixed 
with ethanol. The mixture is added to a portion of the 
Propellent 22, cooled to -30°C, and transferred to a fill- 
ing device. The required amount is then fed to a stain- 
less steel container and diluted with the remainder of 
the propellent. The value units (listed above) are then 
fitted to the container. Such an aerosol form of glucose 
pentasulfate (or its related derivatives) may be useful 
for the treatment of amyloids involving the brain (such 
as Alzheimer's disease, Down's syndrome, prion dis- 
eases etc) by using an aerosol or nasal spray. Previous 
studies have suggested that in these central nervous 
system amyloidosesthe initial form of entry of a possible 
environmental agent which may be playing a role in 
pathogenesis may be derived from the outside world 
through the nasal passages. 

[0068] Tablets are made by using 1 20 mg of glucose 
pentasulfate, a pharmaceutically acceptable salt there- 
of , or related derivatives thereof, 90 mg of starch, 70m g 
of microcrystalline cellulose, 8 mg of polyvinylpyrro- 
lidone (as 1 0% in water), 9 mg of sodium carboxymethyl 
starch, 1 mg of magnesium stearate and 1 mg of talc 
(total = 300mg). Glucose pentasulfate, a pharmaceuti- 



cally acceptable salt thereof, or related derivatives 
thereof, starch and cellulose are passed through a No. 
45 mesh U.S. sieve and mixed thoroughly. The solution 
of polyvinylpyrrolidone is mixed with the resultant pow- 

5 ders which are then passed through a No. 14 mesh U. 
S. sieve. The granules so produced are dried at 50°C 
and passed through a No. 1 B mesh U.S. sieve. The so- 
dium carboxymethyl starch, magnesium stearate and 
talc, previously passed through a No. 60 mesh U.S. 

10 sieve, are then added to the granules which, after mix- 
ing, are compressed on a tablet machine to yield tablets 
each weighing 300 mg. 

[0069] Capsules each containing 1 60mg of medicant 
are made by using 1 60mg of glucose pentasulfate, a 

15 pharmaceutically acceptable salt thereof, or related de- 
rivatives thereof, 118mg of starch, 118mg of microcrys- 
talline cellulose, and 4 mg of magnesium stearate (total 
= 400mg). The glucose pentasulfate, a pharmaceutical- 
ly acceptable salt thereof, or related derivatives thereof, 

20 cellulosej starch and magnesium stearate are blended, 
passed through a No. 45 mesh U.S. sieve, and filled into 
hard gelatin capsules in 400 mg quantities. 
[0070] Suppositories each containing 225 mg of glu- 
cose pentasulfate, a pharmaceutically acceptable salt 

25 thereof, or related derivatives thereof, are made by us- 
ing 225 mg of glucose pentasulfate, a pharmaceutically 
acceptable salt thereof, or related derivatives thereof, 
2,000mg of saturated fatty acid glycerides (total 
=2,225mg). The glucose pentasulfate, a pharmaceuti- 

30 cally acceptable salt thereof, or related derivatives 
thereof, are passed through a No. 60 mesh U.S. sieve 
and suspended in the saturated fatty acid glycerides 
previously melted using the minimum heat necessary. 
The mixture is then poured into a suppository mold of 

35 nominal 2 g capacity and allowed to cool. 

[0071] Suspensions each containing 50 mg of medi- 
cant per 5 ml dose are made by using 50mg of glucose 
pentasulfate, a pharmaceutically acceptable salt there- 
of, or related derivatives thereof, 50 mg of sodium car- 

40 boxymethyl cellulose, 1 .25ml of syrup, 0.1 0ml of benzo- 
ic acid solution, flavor, color, and purified water to total 
5 ml. The medicant is passed though a No. 45 mesh U. 
S. sieve and mixed with the sodium carboxymethyl cel- 
lulose and syrup to form a smooth paste. The benzoic 

45 acid solution, flavor and color are diluted with some of 
the water and added, with stirring. Sufficient water is 
then added to produce the required volume. 
[0072] An intravenous formulation is prepared by us- 
ing 250mg of glucose pentasulfate, a pharmaceutically 

so acceptable salt thereof, or related derivatives thereof, 
and 1000 mg of isotonic saline. The solution of the 
. above ingredients is administered intravenously at a 
rate of 1 ml per minute to a subject in need of treatment. 
[0073] In a preferred embodiment, the medicament of 

55 the invention can be administered in any pharmaceuti- 
cally acceptable vehicle. As used herein "pharmaceuti- 
cally acceptable vehicle" includes, but is not limited to, 
any and all solvents, sterile liquids, such as water and 
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oils, including those of petroleum, animal vegetable or 
synthetic origin, such as peanut oil, soybean oil, mineral 
oil, sesame oil and the like, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and adsorp- 
tion delaying agents, and the like which are compatible s 
with the activity of the compound and are physiologically 
acceptable to the subject. An example of a pharmaceu- 
tically acceptable vehicle is buffered normal saline (0.1 5 
molar NaCI). The use of such media and agents for 
pharmaceutically active substances is well known in the io 
art. Supplementary active compounds can also be in- 
corporated into the compositions. Suitable pharmaceu- 
tical excipients include starch, glucose, lactose, su- 
crose, gelatin, malt, rice, fluor, chalk, silica gel, magne- 
sium carbonate, magnesium stearate, sodium stearate, 15 
glycerol monostearate, talc, sodium chloride, dried skim 
milk, glycerol, propylene, glycol, water, ethanol and the 
like.These compositions can take the form of solutions, 
suspensions, tablets, pills, capsules, powders, sus- 
tained-release formulations and the like. 20 
[0074] In the invention, amyloid formation, deposition, 
accumulation and/or persistence in a subject is inhibited 
by administrating glucose pentasulfate, a pharmaceuti- 
cally acceptable salt thereof, or related derivatives 
thereof, in a therapeutic dosage to the subject. The term 25 
subject is intended to include living organisms in which 
amyloidosis can occur. Examples of subjects include 
humans, monkeys, cows, dogs, sheep, cats, mice, rats, 
and transgenic species thereof. Administration of the 
medicaments of the present invention to a subject to be 30 
treated can be carried out using known procedures, at 
dosages and for periods of time effective to inhibit amy- 
loidosis in the subject. An effective amount of the ther- 
apeutic compound necessary to achieve a therapeutic 
effect may vary according to factors such as the amount 35 
of amyloid already deposited at the organ or tissue site 
in the subject, the age, sex and weight of the subject, 
and the ability of the therapeutic compound to inhibit 
amyloid formation, deposition, accumulation, persist- 
ence, and/orto cause dissolution of pre-formed amyloid *o 
in the subject. Dosage regimens can therefore be ad- 
justed to provide the optimum therapeutic response. For 
example, several divided doses may be administered 
daily or the dose may be proportionally reduced as in- 
dicated by the needs of the therapeutic situation . A non- 45 
limiting example of an effective dose range for glucose 
pentasulfate, a pharmaceutically acceptable salt there- 
of, or related derivatives thereof, is between 5 and 500 
mg/kg of body weight/per day. 

[0075] Different modes of delivery of glucose pen- so 
tasulfate, a pharmaceutically acceptable salt thereof, or 
related derivatives thereof, may be used. Accordingly, a 
preferred route of administration is oral administration. 
Alternatively, glucose pentasulfate, a pharmaceutically 
acceptable salt thereof, or related derivatives thereof, ss 
may be administered by other suitable routes such as 
subcutaneous, intravenous, intraperitoneal, all routes 
administered by injection. Depending on the route of ad- 
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ministration, the active compound may be coated in a 
material to protect the compound from the action of ac- 
ids and other natural conditions which may inactivate 
the compound. 

[0076] To administer glucose pentasulfate, a pharma- 
ceutically acceptable salt thereof, or related derivatives 
thereof, it may be necessary to coat the compound with , 
or co-administer the compound with, a material to pre- 
vent its activation. For example, the therapeutic com- 
pound may be administered to a subject in an appropri- 
ate carrier, for example, liposomes or a diluent. Phar- 
maceutically acceptable diluents include saline and 
aqueous buffer solutions. Liposomes include water-in- 
oil-in-water CGF emulsions as well as conventional li- 
posomes. 

[0077] The glucose pentasulfate, a pharmaceutically 
acceptable salt thereof, or related derivatives thereof, 
may also be administered parenterally or intraperito- 
neally. Dispersions can be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof and in oils. 
Under ordinary conditions of storage and use, these 
preparations may contain a preservative to prevent the 
growth of microorganisms. 

[0078] Pharmaceutical compositions suitable for in- 
jectable use include sterile aqueous solutions or disper- 
sions and sterile powders for the preparation of sterile 
injectable solutions or dispersion. In all cases, the com- 
position must be sterile and must be fluid to the extent 
that easy use in the syringe exists. It must be stable un- 
derthe conditions of manufacture and storage and must 
be preserved against the contaminating action of micro- 
organisms such as bacteria and fungi. The vehicle can 
be a solvent or dispersion medium containing, for ex- 
ample, water, ethanol, polyol (for example glycerol, pro- 
pylene glycol, and liquid polyethylene glycol, and the 
like), suitable mixtures thereof, and vegetable oils. The 
proper fluidity can be maintained, for example, by the 
use of a coating such as lecithin, by the maintenance of 
"the required particle size in the case of dispersion and 
by the use of surfactants. Prevention of the action of mi- 
croorganisms can be achieved by various antibacterial 
and antifungal agents, for example, prabens, chlorobu- 
tanol, phenol, ascorbic acid, thimerosal, and the like. In 
many cases, it will be preferable to include isotonie 
agents, for example, sugars, sodium chloride, or poly- 
alcohols such as mannitol and sorbitol, in the composi- 
tion. Prolonged absorption of the injectable composi- 
tions can be brought about by including in the composi- 
tion an agent which delays absorption, for example, alu- 
minum monostearate or gelatin. 
[0079] Sterile injectable solutions can be prepared by 
incorporating the therapeutic compound in the required 
amount in an appropriate solvent with one or a combi- 
nation of ingredients enumerated above, as required, 
followed by filtered sterilization. Generally, dispersions 
are prepared by incorporating the therapeutic com- 
pound into a sterile vehicle which contains a basic dis- 
persion medium and the required other ingredients from 
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those enumerated above. In the case of sterile powders 
for the preparation of sterile injectable solutions, the pre- 
ferred methods of preparation are vacuum drying and 
freeze-drying which yields a powder of the therapeutic 
agent plus any desired ingredients from a previously 
sterile-filtered solution thereof. 

[0080] The glucose pentasulfate, a pharmaceutical^ 
acceptable salt thereof, or related derivatives thereof, 
for treating Alzheimer's disease and other central nerv- 
ous system amyloidoses may be optimized to cross the 
blood-brain barrier. Methods of introductions include but 
are not limited to systemic administration, parenteral ad- 
ministration i.e., via an intraperitoneal, intravenous, 
perioral, subcutaneous, intramuscular, intraarterial, in- 
tradermal, intramuscular, intranasal, epidural and oral 
mutes. In a preferred embodiment, glucose pentasul- 
fate, a pharmaceutical ly acceptable (or its related deriv- 
atives) may be directly administered to the cerebrospi- 
nal fluid by intraventricular injection. In a specific em- 
bodiment, it may be desirable to administer glucose 
pentasulfate, a pharmaceutical^ acceptable salt there- 
of, or related derivatives thereof, locally to the area or 
tissue in need of treatment; this may be achieved by, for 
example, and not by way of limitation, local infusion dur- 
ing surgery, topical application, by injection, by infusion 
using a cannulae with osmotic pump, by means of a 
catheter, by means of a suppository, or by means of an 
implant. 

[0081] In yet another embodiment glucose pentasul- 
fate, a pharmaceutical^ acceptable salt thereof, or re- 
lated derivatives thereof, may be delivered in a control- 
led release system, such as an osmotic pump. In yet 
another embodiment, a controlled release system can 
be placed in proximity to the therapeutic target, ie. the 
brain, thus requiring only a fraction of the systemic dose. 
[0082] In yet another embodiment, the medicaments 
of the invention can be formulated to cross the blood- 
brain-barrier, for example, in liposomes. For methods of 
manufacturing liposomes, see, e.g., U.S. Patents 
4,522,811 ; 5,374,548 ; and 5,399,331. The liposomes 
may comprise one or more moieties which are selec- 
tively transported into specific cells or organs thus pro- 
viding targeted drug delivery (see, e.g. Ranade, J. Clin. 
Pharmacol , 29:685, 1989). Exemplary targeting moie- 
ties include folate or biotin see, e.g. U.S. Patent 
5,416,016 ), mannosides (Umezawa et al, Biochem . Bi- 
ophys. Res. Comm, 153, 1038, 1988), antibodies (Blo- 
eman et al, FEBS Lett 357:140, 1995; Owais et at, An- 
timicrob. Agents Chemother. 39:180, 1995), surfactant 
protein A receptor (Briscoe et al, Am. J. Physiol, 1233: 
134, 1995), gp120 (Schreier et al, J. Biol. Chem. 269: 
9090, 1994; Killion and Fidler, Immunomethods 4:273, 
1 994). In a preferred embodiment, the therapeutic com- 
pounds of the invention are formulated in liposomes. 
[0083] With regard to systems and components 
above referred to, but not otherwise specified or de- 
scribed in detail herein, the workings and specifications 
of such systems and components and the manner in 



which they may be made or assembled or used, both 
cooperatively with each other and with the other ele- 
ments of the invention described herein to effect the pur- 
poses herein disclosed, are all believed to be well within 

5 the knowledge of those skilled in the art. No concerted 
attempt to repeat here what is generally known to the 
artisan has therefore been made. 
[0084] Use of glucose pentasulfate, a pharmaceuti- 
cally acceptable salt thereof, or derivatives thereof, is 

10 anticipated to benefit human patients with Alzheimer's 
disease and other amyloidoses due to glucose pen- 
tasulfate's newly discovered ability to inhibit amyloid fi- 
bril formation, inhibit amyloid-proteoglycan interactions, 
inhibit amyloid-glycosaminoglycan interactions, and 

is cause dissolution and/or disruption of preformed amy- 
loid fibrils. 



Claims 

20 

1. The use of glucose containing at least one substi- 
tuted anionic group, or a phanmaceutically accept- 
able salt thereof, in the manufacture of a medica- 
ment for the treatment or prophylaxis of an amyloid 

25 disease. 

2. The use of claim 1 , wherein the substituted anionic 
group is selected from the group consisting of sul- 
phates, sulphonates, phosphates, phbsphonates, 

30 and carboxylates. 

3. The use of claim 1 or claim 2, wherein said glucose 
containing at least one substituted anionic group is 
selected from the group consisting of glucose mon- 

35 osulphate, glucose disulphate, glucose trisulphate, 
glucose tetrasulphate, glucose pentasulphate, and 
phanmaceutically acceptable salts thereof. 

4. The use of claim 3, wherein the pharmaceutically 
40 acceptable salt is a potassium salt. 

5. The use of claim 3 or claim 4, wherein said glucose 
containing at least one substituted anionic group is 
glucose pentasulphate or a pharmaceutically ac- 

45 ceptable salt thereof. 

6. The use of claim 5, wherein the glucose pentasul- 
phate is obtained from a commercially available 
source. 

50 

7. The use of claim 6, wherein the commercially avail- 
able source of glucose pentasulphate is selected 
from the group consisting of pills, tablets, caplets, 
soft and hard gelatin capsules, lozenges, sachets, 

55 cachets, vegicaps, liquid drops, elixers, suspen- 
sions, emulsions, solutions, syrups, tea bags, aer- 
osols (as a solid or in a liquid medium), supposito- 
ries, sterile injectable solutions and sterile pack- 
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aged powders. 



Phosphonaten und Carboxylaten besteht. 



9. 



The use of claim 5, 6 or 7, wherein the medicament 
comprises a dosage of glucose pentasulphate in 
the range of from 5 to 1 0,000 mg/kg of body weight/ 
per day. 

The use of claim 8, wherein the dosage is in the 
range of from 5 to 500 mg/kg of body weight/per 
day. 



10. The use of any preceding claim, wherein said amy- 
loid disease for treatment is selected from a group 
consisting of the amyloid associated with Alzheim- 
er's disease, Down's syndrome and hereditary cer- 
ebral hemorrhage with amyloidosis of the Dutch 
type (wherein the specific amyloid is referred to as 
beta-amyloid protein or Ap), the amyloid associated 
with chronic inflammation, Familial Mediterranean 
Fever (wherein the specific amyloid is referred to as 
AA amyloid or inflammation-associated amyloido- 
sis), the amyloid associated with multiple myeloma 
(wherein the specific amyloid is referred to as AL 
amyloid), the amyloid associated with type II diabe- 
tes (wherein the specific amyloid is referred to as 
amylin or islet amyloid), the amyloid associated with 
the prion diseases including Creutzfeldt-Jakob dis^ 
ease, Gerstmann-Straussler syndrome, kuru and 
animal scrapie (wherein the specific amyloid is re- 
ferred" to as PrP amyloid), the amyloid associated 
with long-term hemodialysis and carpal tunnel syn- 
drome (wherein the specific amyloid is referred to 
as beta 2 -microglobulin amyloid), the amyloid asso- 
ciated with senile cardiac amyloid and Familial 
Amyloidotic Polyneuropathy (wherein the specific 
amyloid is referred to as transthyretin or prealbu- 
min), and the amyloid associated with endocrine tu- 
mors such as medullary carcinoma of the thyroid 
(wherein the specific amyloid is referred to as vari- 
ants of procalcitonin). 

11. The use of any preceding claim , wherein the med- 
icament is for administration orally, by aerosol 
spray, or in a parenterally injectable or infusible 
form. 



Patentanspriiche 

1. Verwendung von Glucose, die mindestens eine 
substituierte anionische Gruppe, oder ein pharma- 
zeutisch annehmbares Salz davon, enthalt, bei der 
Herstellung eines Medikamentes zur Behandlung 
oder Prophylaxe einer Amyloiderkrankung. 

2. Verwendung nach Anspruch 1 , wobei die substitu- 
ierte anionische Gruppe aus der Gruppe ausge- 
wahlt ist, die aus Sulfaten, Sulfonaten, Phosphaten, 
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20 



Verwendung nach Anspruch 1 oder 2, wobei die 
Glucose mindestens eine substituierte anionische 
Gruppe enthalt, die aus der Gruppe ausgewahlt ist, 
die aus Glucosemonosulfat, Glucosedisulfat, Glu- 
cosetrisulfat, Glucosetetrasulfat, Glucosepentasul- 
fat und pharmazeutisch annehmbaren Salzen da- 
von besteht. 

Verwendung nach Anspruch 3, wobei das pharma- 
zeutisch annehmbare Salz ein Kaliumsalz ist. 

Verwendung nach Anspruch 3 oder 4, wobei die 
Glucose, die mindestens eine substituierte anioni- 
sche Gruppe enthalt, Glucosepentasulfat oder ein 
pharmazeutisch annehmbares Salz davon ist. 

Verwendung nach Anspruch 5, wobei das Glucose- 
pentasulfat aus einer im Handel verftigbaren Quelle 
erhalten ist. 



7. Verwendung nach Anspruch 6, wobei die im Handel 
verfugbare Quelle von Glucosepentasulfat aus der 

25 Gruppe ausgewahlt ist, die aus Pillen, Tabletten, 
Caplets, Weichund Hartgelatinekapseln, Pastillen, 
Portionsbeuteln, Kapseln aus Starkemasse, Vegi- 
caps, flussigen Tropfen, Elixieren, Suspensionen, 
Emulsionen, Losungen, Sirups, Teebeuteln, Aero- 

30 solen (fest oder in einem flussigen Medium), Zapf- 
chen, sterilen, injizierbaren Losungen und sterilen, 
verpackten Pulvern besteht. 

8. Verwendung nach Anspruch 5, 6 oder 7, wobei das 
35 Medikament eine Dosierung von Glucosepentasul- 
fat im Bereich von 5 bis 10.000 mg/kg Korperge- 
wicht/Tag umfasst. 

9. Verwendung nach Anspruch 8, wobei die Dosierung 
<o im Bereich von 5 bis 500 mg/kg Korpergewicht/Tag 

liegt. 

10. Verwendung nach einem der vorhergehenden An- 
spruche, wobei die zu behandelnde Amyloiderkran- 
kung aus einer Gruppe ausgewahlt ist, die aus dem 
mit der Alzheimerschen Erkrankung, dem Downs- 
Syndrom und der erblichen Hirnblutung mit Amylo- 
idose des hollandischen Typs (wobei das spezifi- 
sche Amyloid als Beta-Amyloid-Protein oder Ap be- 
so zeichnet wird) assoziierten Amyloid, dem mit chro- 

nischer Entzundung assoziierten Amyloid, dem fa- 
miliaren Mittelmeerfieber (wobei das spezifische 
Amyloid als AA-Amyloid oder entzundungsassozi- 
ierte Amyloidose bezeichnet wird), dem mit multi- 
55 piem Myelom assoziierten Amyloid (wobei das spe- 
zifische Amyloid als AL-Amyloid bezeichnet wird), 
dem mit Typ- 1 1 -Diabetes assoziierten Amyloid (wo- 
bei das spezifische Amyloid als Amylin oder. Islet- 
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Amyloid bezeichnet wird), dem mit den Prionener- 
krankungen, einschlie&lich der Creutzfeldt-Jakob- 
Erkrankung, dem Gerstmann-Straussler-Syndrom, 
Kuru und dertierischen Traberkrankheit (wobei das 
spezifische Amyloid als PrP-Amyloid bezeichnet s 
wird) assoziierten Amyloid, dem mit langfristiger 
Hamodialyse und Karpaltunnel-Syndrom assoziier- 
ten Amyloid (wobei das spezifische Amyloid als 
Beta 2 -Mikroglobulinamyloid bezeichnet wird), dem 
mit senilem kardialem Amyloid und familiarer amy- 10 
loidischer Polyneuropathie assoziierten Amyloid 
(wobei das spezifische Amyloid als Transthyretin 
Oder Prealbumin bezeichnet wird) und dem mit en- 
dokrinen Tumoren, wie dem medullaren Karzinom 
der Schilddruse (wobei das spezifische Amyloid als « 
Varianten von Procalcitonin bezeichnet wird) asso- 
ziierten Amyloid besteht. 

11. Verwendung nach einem der vorhergehenden An- 
spruche, wobei das Medikament zur oralen Verab- 20 
reichung, Verabreichung mit Aerosolspray oderzur 
parenteralen Injektion Oder Infusion geeignet ist. 



Revendications 



25 



1. Utilisation d'un glucose contenant au moins un 
groupement anionique substitue^ ou d'un sel phar- 
maceutiquement acceptable de celui-ci, dans ia fa- 
brication d'un medicament pour le traitement ou la so 
prophylaxie d'une maladie amyloTde. 

2. Utilisation selon la revendication 1, caracterisee 
en ce que le groupement anionique substitue est 
selectionne parmi le groupe comprenant les sulfa- 35 
tes, les sulfonates, les phosphates, les phosphona- 

tes et les carboxylates. 

3. Utilisation selon la revendication 1 ou la revendica- 
tion 2, caracterisee en ce que ledit glucose conte- 40 
nant au moins un groupement anionique substitue 

est selectionne parmi le groupe comprenant le mo- 
nosulfate de glucose, le disulfate de glucose, le tri- 
sulfate de glucose, le tetrasulfate de glucose, le 
pentasulfate de glucose et des sels pharmaceuti- 45 
quement acceptables de ceux-ci. 

4. Utilisation selon ia revendication 3, caracterisee 
en ce que le se! pharmaceutiquement acceptable 

est un sel de potassium'. so 

5. Utilisation selon la revendication 3 ou la revendica- 
tion 4, caracterisee en ce que ledit glucose conte- 
nant au moins un groupement anionique substitue 

est le pentasulfate de glucose ou un sel pharma- 55 
ceutiquement acceptable de celui-ci. 

6. Utilisation selon la revendication 5, caracterisee 



en ce que le pentasulfate de glucose est obtenu a 
partir d'une source disponible dans le commerce. 

7. Utilisation selon la revendication 6, caracterisee 
en ce que la source disponible dans le commerce 
de pentasulfate de glucose est selectionnee parmi 
le groupe comprenant les pilules, comprimes, cap- 
sules, gelules en gelatine molle et en gelatine dure, 
pastilles, sachets, cachets, vegicapsules, gouttes 
de liquide, elixirs, suspensions, emulsions, solu- 
tions, sirops, sacs de the, aerosols (en tant que so- 
nde ou dans un milieu liquide), suppositoires, solu- 
tions injectables steriles et poudres conditionnees 
steriles. 

8. Utilisation selon la revendication 5, 6 ou 7, carac- 
terisee en ce que le medicament contient un do- 
sage de pentasulfate de glucose dans la plage 
s'etendant de 5 a 1 0 000 mg/kg de poids corporel/ 
par jour. 

9. Utilisation selon la revendication 8, caracterisee 
en ce que le dosage est dans la plage s'etendant 
de 5 a 500 mg/kg de poids corporel/par jour. 

10. Utilisation selon Tune quelconque des revendica- 
tions precedentes, caracterisee en ce que ladite 
maladie amyloTde destinee a etre traitee est selec- 
tionnee parmi un groupe comprenant I'amyloTde as- 
sociee a la maladie d'Alzheimer, au syndrome de 
Down et a I'hemorragie cerebrale hereditaire avec 
amyloi'dose du type ho II an da is (dans I esq u els 
I'amyloTde specifique est designee sous le nom de 
protein e amyloide beta ou Ap), I'amyloTde associee 
a une inflammation chronique, la fievre familiale pe- 
riodique (dans laquelle I'amyloTde specifique est de- 
signee sous le nom d'amyloide AA ou d'amyloidose 
associee a une inflammation), I'amyloTde associee 
a un myelome multiple (dans lequel I'amyloTde spe- 
cifique est designee sous le nom d'amyloide AL), 
I'amyloTde associee au diabete de type II (dans le- 
quel I'amyloTde specifique est designee sous le nom 
d'amyline ou d' amyloTde en Tlot), I'amyloTde asso- 
ciee aux maladies du prion y compris la maladie de 
C re uzfeidt- Jakob, le syndrome de Gerstmann- 
Straussler, le kuru et la tremblante animale (dans 
lesquels I'amyloTde specifique est designee sous le 
nom d'amyloide PrP), I'amyloide associee a I'hemo- 
dialyse a long terme et au syndrome du canal car- 
pien (dans lesquels I'amyloTde specifique est desi- 
gnee sous le nom d'amyloide de microglobuline 
beta 2 ), I'amyloTde associee a I'amyloTde senile car- 
diaque et a la neuropathie multiple amyloTdotique 
familiale (dans lesquelles I'amyloTde specifique est 
designee sous le nom detransthyretine ou prealbu- 
mine), et I'amyloTde associee auxtumeurs endocri- 
nes telles que le carcinome medullaire de la thyroT- 
de (dans lequel I'amyloTde specifique est designee 
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sous le nom de variantes de procalcitonine). 

11. Utilisation selon Tune quelconque des revendica- 
tions precedentes, caracterisee en ce que le me- 
dicament est destine a une administration orale par 5 
bouffee d'aerosol ou est sous une forme injectable 
parenteralement ou infusible. 
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